Abstract: Measuring the Higgs boson couplings as precisely as possible is one of the major goals of the High Luminosity LHC. We show that the (bb)(bb) final state in Higgs boson pair production can be exploited in the boosted regime to give constraints on the trilinear Higgs boson self-coupling. In these exclusive phase space regions, novel jet substructure techniques can be used to separate the signal from the large QCD and electroweak backgrounds. New developments on trigger and b-tagging strategies for the upcoming LHC runs are necessary in order to reconstruct the Higgs bosons in boosted final states, where the trilinear selfcoupling sensitivity is reduced. We find that using our approach one can set a limit for λ ≤ 1.2 at 95% CL after 3000 fb −1 . As the signal-to-background ratio is small, we propose a data-driven side-band analysis to improve on the coupling measurement.
Introduction
The Standard Model (SM) provides an exceptionally good description of the observed phenomena in the realm of elementary particles, with very few exceptions, linked to much higher energy scales that for the time being may lie beyond experimental reach. 1 The epitomization of this success has been the discovery of the final missing piece of the SM, the Higgs boson, by the CERN Large Hadron Collider (LHC) experimental collaborations during the first run at pp centre-of-mass energies of 7 and 8 TeV [1] [2] [3] [4] [5] . The LHC's 'Run II' is expected to start at 13 TeV and potentially reach the nominal pp energy of 14 TeV later on. Barring the exciting event of a phenomenal discovery of new physics effects, the most important next step is to directly probe and constrain the couplings of the Higgs boson to the content of the SM. Of particular interest are the couplings of the Higgs boson to itself, which will allow for understanding of the structure of the symmetry breaking potential:
where h is the Higgs boson field, M h is the Higgs boson mass, v is the vacuum expectation value, λ andλ are the Higgs boson triple and quartic self-couplings respectively. The Higgs mass has already been determined to a good precision in the first LHC run (M h 125 GeV) and the vacuum expectation value, v 246 GeV, has been obtained by measurements of four-fermion interactions at low energies. These lead to the Standard Model predictions: λ =λ = M 2 h /2v 2 0.13. 2 However, new physics can alter this direct correspondence and therefore, model-independently, the self-couplings λ and λ can be probed only by direct measurements of multiple Higgs boson final states. The quartic coupling,λ has been shown to be difficult, if not impossible, to measure, even at future colliders [8, 9] . On the other hand, over the past 20 years, several studies have shown that the prospects for the Higgs boson pair production, whose LHC cross section is a quadratic function of the triple self-coupling λ, remain uncertain and challenging both at future electron-positron collider (e.g. [10] ) and at the LHC [7, .
Recent studies have demonstrated that using jet substructure techniques [43] in the boosted regime can potentially provide a reasonable constrain at the end of a high-luminosity run of the LHC [7, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] , tackling the final states hh → (bb)(γγ), hh → (bb)(τ + τ − ) and hh → (bb)(W + W − ). The final state with the largest branching ratio, hh → (bb)(bb) has also been considered in passing, and was deemed to be extremely challenging [17, 44] , particularly if λ ≈ λ SM . The difficulties can be attributed to the enormous QCD background originating from multi-jet production, of which the irreducible channel bbbb is also large, as well as the fact that the final state is fully hadronic and thus challenging to trigger on. 3 As the search for the Higgs boson itself has shown, in the face of limited statistics one can rely on the combination of multiple channels to obtain the best constraints. This will always be the case in Higgs boson pair production, as the total cross section for the SM value of the triple coupling is estimated to be only ∼ 30 − 40 fb when higher-order QCD corrections are included [7, 12, 24, 25, [51] [52] [53] [54] . Taking the results of Ref. [22] at face value, one would get the constraints shown in Table 1 from each of the channels determined so far to be viable, given that the self-coupling has the SM value, for an integrated LHC luminosity of 3000 fb −1 at 14 TeV. 4 We emphasise the fact that constraints of this type are essentially self-consistency tests of the SM: deviations from λ = λ SM would merely indicate the presence of new effects.
On the other hand, in Ref. [27] , the magnitudes of deviations from the SM value of the self-coupling in several explicit models of new physics were estimated, given that no other dynamics associated with electroweak symmetry breaking are seen. The conclusion was that, ideally, one would like to detect deviations from λ = λ SM that are O(20%) or less. To accomplish that level of accuracy, one can for example supplement the current state of affairs with one or two channels which can constrain the self-coupling at least equally as well as the hh → (bb)(τ + τ − ) or hh → (bb)(W + W − ) channels at 3000 fb −1 . This argumentation illuminates the importance of opening up new search channels to the determination of the Higgs boson self-coupling.
In the present article we demonstrate the possibility of using the pp → hh → (bb)(bb) channel at the LHC running at 14 TeV centre-of-mass energy, to constrain the self-coupling by employing jet substructure techniques [43] , i.e. the so-called BDRS method [55] [22] . The assumption used in obtaining these constraints is that the the self-coupling has the SM value. The final line provides the result originating from the naive combination in quadrature of these channels.
Shower Deconstruction [56] [57] [58] . While a variation of the former has already been used in this context in [17] , here we perform a more detailed study complementing and combining the reconstruction using Shower Deconstruction. The article is organised as follows: in Section 2 we describe some features of the kinematics of the Higgs boson pair production process and provide more detail on the reconstruction methods used. In Section 3 we provide details of the Monte Carlo simulation for the signal and background and the analysis strategy. In the same section we provide our results. Concluding remarks are given in Section 4. Higgs boson pair production at the LHC at leading order (LO) is loop-initiated and dominated by gluon fusion initial states. The contributing gluon fusion diagrams are shown in Fig. 1 . We call the diagram on the left the 'box' diagram and the diagram on the right the 'triangle' diagram. The two diagrams have spin-0 configurations of the initial state gluons that interfere destructively. The box diagram also has a spin-2 configuration of the incoming gluons. The hh cross section is a quadratic function of λ at LO, and hence possesses a minimum with respect to it. This can be shown to lie around λ ∼ (2.4−2.5)λ SM , depending on the parton density functions (PDFs) employed [22] . We will only examine values on one side of the this minimum. It is natural to choose the lower half, as it includes the SM value. For completeness, we also include negative values of the self-coupling, and focus on the region λ ∈ {−1.0, 2.4} × λ SM .
It is interesting to examine the effect of varying the self-coupling away from the SM value, on one of the characteristic distributions of the process, namely, the Higgs boson transverse momentum. In Fig. 2 we show the transverse momentum of the full process, that is, including the box and triangle diagrams as well as their interference, for several values of the self-coupling, given as multiples of the SM value. Evidently, as λ decreases the distribution of the Higgs boson transverse momentum becomes softer. This will result in a corresponding reduction of efficiency when a cut is applied on the transverse momentum of the reconstructed Higgs boson. The dip structure observed in Fig. 2 , prominent for λ = 2λ SM , is a consequence of the destructive interference between the box and triangle contributions. 
Event selection and triggering
Triggering on events that contain purely hadronic final states is challenging. 5 This is particularly so if the masses of the resonances involved are at the electroweak scale and their decay products have transverse momentum of only O(50) GeV. For the process pp → hh → (bb)(bb) that we are considering in the present article, we have to rely on single-, di-or four-jet triggers.
Four-jet triggers designed for the upcoming LHC runs are only fully efficient for antik T R = 0.4 jets with transverse momenta of at least 60 GeV [59] . The left panel of Fig. 3 shows the transverse momentum of the four leading b-jets in pp → hh → (bb)(bb) at an LHC running at 14 TeV, constructed using the anti-k t algorithm with radius parameter R = 0.4, before any cuts are applied. Less than 10% of the events have a fourth leading b-jet with p T ≥ 60 GeV. In some of those events a non-b-jet, e.g. a light hard jet produced by initial state radiation, can help satisfy the trigger requirements. However, it is evident that a large fraction of the signal is lost only due to multi-jet trigger requirements. Furthermore, using a radius parameter of R = 0.4 would not allow to use jet substructure techniques to reconstruct boosted Higgs bosons efficiently. Given that the Higgs bosons in the Standard Model pp → hh process are often boosted transverse to the beam axis (see Fig. 2 ) it seems to be more promising to rely on a single-jet trigger with high transverse momentum [59] . Thus, our basic event selection requires to have two jets with a large radius parameter R = 1.2, constructed with the Cambridge/Aachen jet algorithm. Each of these jets is required to have a transverse momentum of p T,j ≥ 200 GeV. In this regime, the main backgrounds can be substantially suppressed using jet substructure techniques, as discussed in the following section. The Higgs boson decay products should result in two b-jets contained within the large-R jet. Unfortunately, despite the fact that the large-R jet is fairly hard, the b-jets themselves can still possess a very low transverse momentum: by examining the right panel of Fig. 3 , one notices that there remains a significant fraction of signal in which the fourth b-jet has a low p T , with a substantial amount of events in the p T ∼ 20 GeV region, even after the p T,j ≥ 200 GeV jets are selected.
In developing the analysis of the present article, it was found that when reconstruct-ing the Higgs bosons of the process, one must require four b-tagged subjets to facilitate background rejection. At present, good b-tagging performance with small systematic uncertainties requires a jet transverse momentum of 30-40 GeV [60] . Aiming to evaluate what the sensitivity in this channel is with existing techniques we conservatively require the btagged subjets inside the fat jet to have p T,b > 40 GeV. This results in a loss of signal events and seriously limits the effectiveness of novel subjet reconstruction techniques. In this analysis, four b-tagged jets are required in each event, assuming a 70% b-tagging efficiency and a 1% light jets false identification probability. We stress that the angular jet resolution and transverse momentum requirements for the multi-jet triggers, as well as the high momentum cut-off for b-tagging of jets and subjets severely reduce the sensitivity in this channel. Thus, an improved triggering strategy would allow for much lower p T thresholds for the 4-jet system and a smaller R value for the jets in a real detector environment. A low-p T jet trigger with two or three b-jets in opposite hemispheres could help to regain sensitivity in this channel for the upcoming LHC runs.
Reconstruction techniques
To reconstruct the Higgs bosons in the (bb)(bb) final state we use the well established BDRS method [55] and Shower Deconstruction [56] [57] [58] . 6 Both methods aim to distinguish a jet that contains the decay of products of a hadronically-decaying resonance from a jet produced by ordinary QCD processes. The jet in question is constructed with a standard jet algorithm, such as Cambridge/Aachen, using a large radius parameter R = 1.2 so as to capture the decay products of the heavy resonance. This is what is referred to as the 'fat jet'.
For the method Shower Deconstruction the contents of the fat jet are then used to construct narrower jets, which are called 'microjets'. Since the computational time needed to analyse an event increases fast with the number of microjets, the number is restricted by keeping the N max microjets that have the highest transverse momenta, and rejecting microjets with p micro
In what follows, we will employ N max = 9 and p micro T,min = 5 GeV. The four-momenta of the microjets {p} N = {p 1 , p 2 , ..., p N } are used to construct a function χ({p} N ), with the property that large χ corresponds to a high likelihood that the jet has originated from the hadronic decay of a heavy resonance. Explicitly, χ is defined as
where P ({p} N |X) is the probability that the configuration {p} N is obtained, given that the event originated from sample X, where X = S, the signal, or X = B, the background. The probabilities defined above are calculated by using a simplified approximation to how a Monte Carlo event generator constructs the parton shower, as well as the decay of resonances. There are many possible histories that could lead to a given configuration, and thus one sums over the corresponding probabilities over all of them. A full description of the approximations employed and further details on the method can be found in Refs. [56, 57] .
3 Simulation and analysis
Signal and backgrounds
The signal process pp → hh → (bb)(bb) was generated using the Herwig++ implementation of Higgs boson pair production at LO [66] [67] [68] , using the cteq6l LO PDF set. We varied the self-coupling in multiples of the Standard Model value in the region λ ∈ {−1.0, 2.4}×λ SM in steps of ∆λ = 0.1 × λ SM . The cross section at each point was calculated at next-to-leading order (NLO) in QCD, using the HPAIR code [12, 14, 69] and the CT10nlo PDF sets. The black curve in Fig. 4 shows the variation of the total cross section against the Higgs boson self-coupling, λ. 7
The irreducible QCD bbbb background was generated using AlpGen [70] , and passed to the Herwig++ parton shower. The LO pdf set cteq6l was again used. The renormalization/factorization scale for the calculation was set to the sum of the squared transverse masses of the b-quarks, i.e. µ 2 = 4m 2 b + i p 2 T i , where p T i are the b-quark momenta and m b = 4.7 GeV. We applied the parton-level generation cuts: p T b,min = 35 GeV, ∆R min = 0.1, η b,max = 2.6, resulting in a total tree-level cross section of σ tree (bbbb) 100 pb. Using MadGraph/aMC@NLO [71] [72] [73] , with equivalent cuts and renormalization/factorization scale and the cteq6m NLO pdf set, the NLO K-factor was estimated to be ∼ 1.5. Therefore, we apply a K-factor of 1.5, resulting in a cross section σ NLO (bbbb) 150 pb. 8 Further irreducible backgrounds arise from production of a Z boson in association with a b-quark pair, Zbb, and from associated Higgs-Z boson production, hZ, with both the Z and h decaying to bb. For completeness, we also consider the reducible background coming from associated production of a Higgs boson with a W boson which subsequently decays to a charm and bottom quark. 9 The Zbb background was generated using MadGraph/aMC@NLO at NLO in QCD, with p T b,min = 30 GeV on the associated b-quarks. The hZ and hW backgrounds were likewise generated at NLO using MadGraph/aMC@NLO. The decays of Z and h to bb were generated using Herwig++, without any restriction imposed on the momentum of the b-quarks. Similarly, the decay of a W to a charm and a bottom quark was performed using Herwig++. Including the branching ratios, the NLO cross sections for these processes were found to be σ NLO (Zbb) 8.8 pb, σ NLO (hZ) 70 fb and σ NLO (hW ) 96 fb.
There are several additional QCD processes that may contribute as reducible backgrounds due to mis-identification of light jets or c-quark-initiated jets as b-jets. The most significant of these are QCD bbcc, bbjj, cccc, ccjj and multi-light-jet production. If we assume light-jet-to-b and c-to-b mis-tagging probabilities of 1% and 10% respectively, the total tree-level cross section contribution for the sum of these processes was estimated using AlpGen to be ∼ 10 pb. In terms of the kinematics of the jets, these are expected to behave similarly to the reducible QCD bbbb that we consider in the present article in detail. Hence, even considering a large K-factor of O(2), these processes would contribute to in- The initial cross sections for the samples considered, as well as the resulting cross sections after cuts as described by the 'basic' analysis. A K-factor of 1.5 was applied to the QCD (bb)(bb) background.
crease the total QCD background cross section by O(20%). For the purposes of the present phenomenological study, we do not add this contribution to the QCD background. The second column in Table 2 demonstrates the initial cross sections, σ initial , for the backgrounds considered, taking into account, where relevant, the branching ratios, the generation-level cuts and the applied K-factors.
Basic analysis
The basic analysis consists of the following simple cuts:
• lepton isolation veto: Ask for no isolated leptons with p T > 10 GeV in the event. An isolated lepton is defined as having i p T,i less than 10% of its transverse momentum around a cone of ∆R = 0.3 around it.
• fat jets: ask for two fat jets built via the Cambridge/Aachen algorithm with parameter R = 1.2 and asking for p T > 200 GeV.
The resulting cross section as a function of λ, obtained after application of the basic analysis cuts to the signal samples is shown in the blue dashed curve in Fig. 4 . The signal efficiency decreases with λ and hence the variation of the cross section in the region considered, after application of the basic analysis cuts is somewhat milder than that of the total NLO cross section: σ cuts NLO ∼ 1.3 − 5.6 fb versus σ NLO ∼ 15 − 120 fb. The effect of the 'basic analysis' on the cross sections of all samples we have considered appear in the third column of Table 2 .
The basic cuts guarantee that the effect of the lepton veto is taken into account in this analysis, which should minimise the effect of other backgrounds with an isolated lepton in the final state. It also guarantees that the hh signal has a significantly high transverse momentum, which already reduces a significant fraction of the QCD bbbb background. Nevertheless, the impact of the backgrounds is still very large, as it can be seen in third column of Table 2 , and further signal-specific constrains are necessary. Figure 5 shows the the distribution of the difference between the rapidity values of the two large-R jets, ∆Y (jet 1, jet 2), for various samples. All of the distributions peak at Figure 4 : The black curve shows the total NLO cross section at a 14 TeV LHC calculated for each value of λ using the HPAIR program, not including the branching ratio for hh → (bb)(bb). The blue dashed curve shows the resulting cross section after the 'basic' analysis is applied to each signal sample, including the branching ratio for the hh decays.
∆Y (jet 1, jet 2) = 0, but evidently the hh signal has a narrower distribution compared to the dominant Zbb and QCD bbbb backgrounds. A selection that takes only events with ∆Y (jet 1, jet 2) < 2.0 can therefore be beneficial to increase background rejection.
Separating the h → bb decay from the backgrounds can be done using substructure techniques, either through Shower Deconstruction or the BDRS reconstruction applied to the large-R jet. The Shower Deconstruction [56, 57] Higgs boson tagger has been explored as a way of discriminating the signal against the QCD multi-jet production, as described in Section 2.3. The fat jet constituents are used to calculate Cambridge/Aachen R = 0.2 small-R jets (i.e. the microjets) which are used as inputs for the algorithm. The leading three microjets are examined and the ones with a transverse momentum of at least 40 GeV are required to pass b-tagging criteria with a flat efficiency of 70% and a false identification rate of 1%. The Shower Deconstruction has been configured with a Higgs mass window of ±20 GeV. The large p T cut for the b-tagged subjets severely limits the performance of Shower Deconstruction as the invariant mass of the two b-tagged subjets is often ∼ m H leaving not much phase space for wide-angle emissions off the bottom quarks. Thus, the full flexibility of this algorithm is not exploited in this analysis.
Another approach uses the BDRS [55] Higgs boson four-momentum to minimize the background contamination. A mass drop threshold of µ = 0.667 and an asymmetry requirement of y cut = 0.3 are used. As soon as a significant mass drop is found in the fat jet, filtering is applied on the jet's constituents, with a filtering radius value, R filt , of half the k t distance between the mass drop elements. The filtering radius is limited to R filt < 0.3, following [55] , but it is also restricted to R filt > 0.2 so as to simulate of the impact of the detector granularity limitation. The three leading filtered jets are taken as a result of this process to reconstruct the Higgs jet. The jet is rejected however, if the two leading filtered jets do not satisfy the b-tagging criteria or have a transverse momentum below 40 GeV. The b-tagging criteria, as in the case of Shower Deconstruction, has 70% efficiency and a 1% false identification rate. Figure 6 shows the performance of the different 'Higgs boson-tagging' methods we considered in the present article, for the process pp → hh → (bb)(bb), for λ = λ SM . The performance of the BDRS Higgs boson tagger with a mass cut of ±20 GeV around the Higgs boson mass is shown, for which the blue star marker (efficiency ∼ 0.22) shows the method applied to the leading jet only and the red unfilled star marker (efficiency ∼ 0.16) shows the performance for the sub-leading jet. The unfilled black downwards-pointing triangle (efficiency ∼ 0.04) shows the performance of simultaneously applying the mass window to both leading and sub-leading jets, while the green filled rhomboid (slightly above) has a further restriction on the rapidity difference between the two jets at ∆Y (jet 1, jet 2) < 2. The equivalent performance for the Shower Deconstruction Higgs tagger is shown for the same cases in the yellow circle, the black cross, blue square and red up triangle, respectively. Note that the efficiency axis is limited to ∼ 0.27, due to the subjets' b-tagging performance, including the 40 GeV threshold for b-tagged jets. As we already hinted, the large cut on the jet transverse momentum reduces the effectiveness of the Shower Deconstruction method, which ends up providing an improved, but similar, background rejection as the BDRS method at equal efficiency. Nevertheless, the Shower Deconstruction technique allows one to achieve a high rejection of the backgrounds, by varying the minimum weight requirement. Figure 7 shows the signal-to-background ratio and the significance estimator s/ √ b for λ = λ SM . The additional rejection given by Shower Deconstruction allows one to have an increased signal-to-background ratio, while maintaining a high value of the significance.
Constraints
Choosing the Shower Deconstruction setup that yields the maximum value of s/ √ b from Fig. 7 , one can estimate the maximum significance an analysis would obtain with the described cuts. Table 3 shows the cross sections obtained with this selection, either using Shower Deconstruction only or BDRS only for the Higgs jet tag. The first row shows the cross sections after demanding two Cambridge/Aachen jets with R = 1.2 and transverse momentum grater than 200 GeV, with the additional constraint of rapidity |y| < 2.5, without the b-tagging criteria. 10 The following two rows show the effect of applying either Shower Deconstruction or BDRS only to the leading fat jet, including the effect of the two b-tags in its subjets. It also includes the requirement that the two large-R jets satisfy ∆Y (jet 1, jet 2) < 2.0. The next two rows apply the BDRS or Shower Deconstruction requirements to both jets, showing the final significance obtained of ∼ 2.10 using Shower Deconstruction, or ∼ 1.74 using only the BDRS technique at 3000 fb −1 .
The last two rows in Table 3 show the significance achieved by using a very loose Shower Deconstruction setting with the 26% efficiency point of Fig. 6 and using the BDRS for the sub-leading jet reconstruction. The last row shows the effect of applying a further mass window for the sub-leading jet. This selection configuration can be used to maximise the background in an attempt to implement a data-driven background estimate through a side band analysis, as it will be discussed in Section 3.4.
The analysis procedure can be applied at different values of the Higgs boson selfcoupling, and one can take the maximum achievable significance obtained using Shower Deconstruction for each, at 3000 fb −1 . The results are shown in Fig. 8 . Evidently, for the Standard Model value of the self-coupling, λ/λ SM = 1, it is possible to set a 95% limit using Shower Deconstruction. Due to the reduction in cross section, the significance drops as λ increases. However, the hypothesis of λ = 0, for example, can be excluded at nearly the 3σ level. The results estimate the significance with the s/ √ b estimator, taking only statistical uncertainties under consideration. Table 3 : Expected cross sections after selection for λ/λ SM = 1. Note that the first row differs from σ basic given in Table 2 due to the additional constraint on the rapidity of the fat jets, |y| < 2.5. The significance estimate, s/ √ b, given for an integrated luminosity of 3000 fb −1 . The two final rows show the results obtained using Shower Deconstruction on the leading jet and the BDRS for the Higgs reconstruction on the sub-leading one. In the last row a final mass cut on the sub-leading Higgs mass is applied. 
Side band analysis
Estimating the background rates and distributions reliably is a very challenging task, as uncertainties originating from the use of Monte Carlo event generators and other theoretical calculations are often too large. An alternative method that can work reasonably well requires an alteration of the selection setup, maximising the background. The background shape and rate can then be modelled in a region where the signal has little or no effect and subsequently extrapolated to the signal region. With this purpose in mind, the Shower Deconstruction selection for the leading fat jet is loosened to obtain a much lower efficiency of 26% and no mass window is applied using the BDRS tagger for the sub-leading fat jet.
The BDRS-reconstructed mass of the sub-leading jet is shown in Fig. 9 , including a model for the leading QCD background using a 5 th -order polynomial, shown in the dashed line. The ratio of the remaining backgrounds to the QCD 4b fit model is shown in the lower part of the plot with the hh signal and the hZ background weighted by a factor of ten so that they can be compared.
The background estimate can be done by excluding the signal mass window and the Z boson mass region for the QCD 4b background model and using the fit to estimate this background's content in the signal region. Other significant backgrounds can be estimated in Monte Carlo simulation and subtracted. These results can be transferred to the signal region with a tighter Shower Deconstruction configuration.
It is interesting to point out that a comparison of the hh → (bb)(bb) signal, which varies with the self-coupling λ, with the hZ → (bb)(bb) background as they both appear in Fig. 9 , can be used to estimate the self-coupling as a function of the Higgs-Z coupling. 
Conclusions
Using the BDRS method and Shower Deconstruction on the (bb)(bb) final state in Higgs boson pair production, we have demonstrated that it is possible to obtain meaningful con-straints on the Higgs boson triple self-coupling.
We considered explicitly the main irreducible backgrounds to our signal, including QCD bbbb, electroweak/QCD Zbb with Z → bb and electroweak hZ → (bb)(bb), as well as the reducible hW background containing charm-quark jets mis-tagged as b jets. Including reducible backgrounds will not significantly alter our conclusions after requiring 4 b-tags. Moreover, we have demonstrated that a side-band analysis using Shower Deconstruction for the leading Higgs boson jet and BDRS for the sub-leading Higgs mass reconstruction can be a viable option in measuring the Higgs boson self-coupling.
We conclude that at an LHC running at 14 TeV, with 3000 fb −1 of integrated luminosity, the self-coupling can be constrained to λ 1.2 × λ SM at 95% confidence level based on statistical considerations alone, since no theoretical uncertainties have been included. Nevertheless, using the side-band analysis proposed one could estimate the background to good accuracy by extrapolating the background content from real data in the side band into the signal region.
Further improvements are possible: refined trigger and b-tagging strategies can help to retain more signal and allow novel reconstruction techniques to achieve a better performance. These conclusions motivate in-depth examination of the (bb)(bb) final state in Higgs boson by the LHC experimental collaborations.
